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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$QQXDOO\ WKHEXLOGLQJ±RQO\ZLWK UHIHUHQFH WR WKHHQHUJ\GHPDQGV IRU WKHDLUFRQGLWLRQLQJ± UHTXLUHV
N:KRISULPDU\HQHUJ\&2HTXLYDOHQWHPLVVLRQVRIDURXQGWRQVRSHUDWLQJFRVWVRI¼
)XUWKHUPRUH)LJVKRZVWKDWWKHPDLQUHTXHVWLVGXHWRWKHVSDFHKHDWLQJ


)LJ3ULPDU\HQHUJ\GHPDQGVRIWKHFXUUHQWFRQILJXUDWLRQRIWKHEXLOGLQJDVVLPXODWHG
'LYHUVHO\WKHKXPLGLILFDWLRQEHLQJYHU\VLJQLILFDQWWKHODWHQWFRQWULEXWLRQGXHWRWKHKLJKRFFXSDQF\
RIWKHEXLOGLQJLVTXLWHOLPLWHG2IFRXUVHLQVXPPHUWKHGHKXPLGLILFDWLRQQHHGUHTXLUHVWKHVXEFRROLQJ
RIYHQWLODWLRQDLUDQGWKXVWKHHQHUJ\GHPDQGRIWKHFKLOOHUVLVVLJQLILFDQW%\DQDO\]LQJWKHSHDNORDGV
 N:+($7,1*  N:&22/,1* LW LV TXLWH FOHDU WKDW WKH GRXEOH ERLOHUV DQG FKLOOHUV DUH UHGXQGDQW
 Fabrizio Ascione et al. /  Energy Procedia  75 ( 2015 )  1261 – 1268 1265
7KHUHIRUHLQWKHIROORZLQJVHFWLRQRQO\RQHERLOHUDQGRQHFKLOOHUZLOOEHUHSODFHGZLWKPRUHHIILFLHQW
GHYLFHVEHLQJWKHRWKHUVXVHGIRUEDFNXSRUWHPSRUDU\UXQQLQJGXHWRPDLQWHQDQFHRIWKHPDLQRQHV
$VVDLGLQWKHLQWURGXFWLRQGXULQJWKHGHVLJQRIWKHUHIXUELVKPHQWDOOOHYHUVIRULPSURYLQJWKHHQHUJ\
HIILFLHQF\RIWKHEXLOGLQJKDYHEHHQFRQVLGHUHGDQGWKXVDEXLOGLQJHQYHORSHE+9$&V\VWHPF5(6V
0RUHLQGHWDLOZLWKUHIHUHQFHWRWKHEXLOGLQJHQYHORSHDQGWRWKHKHDWLQJDQGFRROLQJV\VWHPVWKHIROORZLQJ
((0VKDYHEHHQLQYHVWLJDWHGE\DQDO\]LQJWKHLULPSDFWRQWKHEXLOGLQJHQHUJ\SHUIRUPDQFH
D ,QVWDOODWLRQRIDWKHUPDOSODVWHURQWKHLQQHUVLGHRIWKHYHUWLFDORSDTXHHQYHORSH$IWHUWKHUHSODFHPHQW
RIWKHFXUUHQWFPJ\SVXPSODVWHUDQHZWKHUPDOZDOOERDUGRIFPZRXOGEHLQVWDOOHGFKDUDFWHUL]HG
E\WKHUPDOFRQGXFWLYLW\Ȝ :P.VSHFLILFKHDWF -NJ.GHQVLW\ȡ NJP7KH
WKHUPDOWUDQVPLWWDQFHRIWKHYHUWLFDOHQYHORSHYDULHVIURP:P.WR:P.7KHXQLWDU\
H[SHQGLWXUHIRUYHUWLFDOVXUIDFHDUHDLV¼P,WPHDQVDJOREDOLQYHVWPHQWRI¼
E ,QVWDOODWLRQRIFPRIWKHUPDOLQVXODWLRQSRO\XUHWKDQHȜ :P.ȡ NJPF -NJ
.RQWKHH[WHUQDOVLGHRIWKHURRI7KHWKHUPDOWUDQVPLWWDQFHRIWKHYHUWLFDOHQYHORSHSDVVHVIURP
:P.WR:P.7KHFRVWRILQVWDOODWLRQLV¼P¼LQWRWDO
F ,QVWDOODWLRQRIQHZZLQGRZVLQFOXVLYHRIZRRGHQIUDPHV7KHWKHUPDOFRQGXFWDQFHRIWKHQHZIUDPH
LV:PWKHQHZJODVVHVDUHGRXEOHJOD]HGZLWKDUJRQILOOHGDLUFDYLW\7KHQHZ8ZLV
:P.ZLWKDQLQYHVWPHQWFRVWHTXDOWR¼P¼LQWRWDO
G ,QVWDOODWLRQRIQHZZLQGRZVZLWKORZHPLVVLYHFRDWLQJ7KHWKHUPDOFRQGXFWDQFHRIWKHQHZIUDPHLV
:PZKLOHWKHQHZJODVVHVDUHORZHGRXEOHJOD]HGZLWKDUJRQILOOHGDLUFDYLW\7KHQHZ
8:LV:P.ZLWKDQLQYHVWPHQWFRVWHTXDOWR¼P¼LQWRWDO
H 5HSODFHPHQWRI WKHPDLQERLOHU SULRULW\ZLWKDFRQGHQVLQJKRWZDWHUERLOHU QRPLQDOHIILFLHQF\
HTXDOWRFKDUDFWHUL]HGE\WKHVDPHVL]HLHN:7+7KHLQYHVWPHQWFRVWLV¼
I 5HSODFHPHQWRIWKHPDLQDLUFRROHGFKLOOHUSULRULW\ZLWKRQHRIWKHVDPHVL]HFKDUDFWHUL]HGE\DQ
((5W\SLFDORIQHZFKLOOHUVDQGWKXVHTXDOWR:K7+:K(/7KHLQYHVWPHQWFRVWLV¼
J $GRSWLRQ RI KHDW UHFRYHU\ V\VWHPV IRU WKH ILYH$LU+DQGOLQJ8QLWV 6HQVLEOH UHFRYHU\ V\VWHPV DUH
FKRVHQEHLQJTXLWHKLJKWKHHQGRJHQRXVODWHQWKHDWJDLQV7KHVLQJOHSULFHVRIVXFKV\VWHPVQRPLQDO
VHQVLEOHHIILFLHQF\HTXDOWRYDU\IURP¼PKWR¼PK*OREDOO\WKH
LQYHVWPHQWFRVWLV¼
7KHDIRUHPHQWLRQHGFRVWVGRQRWFRQVLGHU WKHLQFHQWLYHVSURYLGHGE\WKH,WDOLDQODZ>@'LYHUVHO\
WKHVHDUHFRQWHPSODWHGLQ7DEOH,ZKHUHDOOUHVXOWVRIWKHDSSOLFDWLRQRIWKHGHVFULEHG((0VDUHUHSRUWHG
ZLWKUHIHUHQFHWR63%DQGYDULDWLRQVRISULPDU\HQHUJ\GHPDQGRSHUDWLQJFRVWVDQGSROOXWLQJHPLVVLRQV
7DEOH,±6XPPDUL]HGIHDVLELOLW\DQDO\VLVRIWKHFRQVLGHUHG((0V
((0 ǻ(3 ǻ2& ǻ3( ((0&RVW 63%
 N:KPD  ¼D  W&2HTXLYD  ¼ \HDUV
D       ¶ 1HYHU
E       ¶ !!
F       ¶ !!
G       ¶ !!
H       ¶ 
I       ¶ 
J       ¶ 
* These EEMs can benefit, according to [19], of a funding equal to 40% of the installation cost; in order to simplify the study,
here it is assumed at the first year. Then, a more detailed calculation will be performed. 
,W LVQRWHG WKDW DOO((0VDSSOLHG WR WKHEXLOGLQJ HQYHORSH DUHSRRUO\ IHDVLEOH'LYHUVHO\ WKH((0V
GHGLFDWHGWRWKH+9$&V\VWHPLQGXFHYHU\IDYRUDEOHUHVXOWVZLWKUHIHUHQFHWRERWKHQHUJ\DQGRSHUDWLQJ
FRVWV VDYLQJV )LQDOO\ WKHVH DUH WKH PRVW VXLWDEOH XQGHU WKH WHFKQLFDOHFRQRPLFDO FRQYHQLHQFH 7KLV
RXWFRPHLVFRQQHFWHGWRWKHEXLOGLQJW\SRORJ\LHWKHKHDY\VWUXFWXUHDQGPDLQO\WRWKHEXLOGLQJXVH
FKDUDFWHUL]HGE\DYHU\KLJKYHQWLODWLRQORDGWKXVWKHUROHSOD\HGE\WKHHQYHORSHLVPDUJLQDO$OOWROGE\
DVVXPLQJDVWKUHVKROGFULWHULRQWKHDGRSWLRQRIDQ((0RQO\LIWKH63%LVORZHUWKDQ\HDUVLHWKLV
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SHULRGLVVXIILFLHQWO\ORZHUWKDQWKHH[SHFWHGOLIHVSDQRIWKH((0VWKHIROORZLQJDFWLRQVIRULPSURYLQJ
WKHEXLOGLQJSHUIRUPDQFHKDYHEHHQFRPELQHG
H UHSODFHPHQWRIRQHRIWKHSUHVHQWJDVERLOHUZLWKDFRQGHQVLQJGHYLFH
I UHSODFHPHQWRIRQHRIWKHSUHVHQWDLUFRROHGFKLOOHUZLWKDQHZHIILFLHQWV\VWHPKLJKHU((5
J LQVWDOODWLRQRIKHDWUHFRYHU\V\VWHPV
7KHUHVXOWVRIWKHRSWLPL]HGHQHUJ\UHWURILWDUHSUHVHQWHGLQWKHIROORZLQJVHFWLRQDVZHOODVDIHDVLELOLW\
VWXG\UHJDUGLQJWKHLQVWDOODWLRQRIDZHOOVL]HGSKRWRYROWDLF39V\VWHP

 'HVLJQHGHQHUJ\UHWURILWDQGLQVWDOODWLRQRISKRWRYROWDLFV\VWHP

7KH FRPELQDWLRQ RI WKHPRVW SURILWDEOH((0VSURYLGHV WKH RXWFRPHV UHSRUWHG LQ )LJ ZKHUH WKH
SULPDU\HQHUJ\GHPDQGVEHIRUHDQGDIWHUWKHHQHUJ\UHWURILWDUHFRPSDUHG$QQXDOO\WKHSULPDU\HQHUJ\
UHTXHVWIRUDLUFRQGLWLRQLQJFDQEHUHGXFHGRIDERXWLHKHDWLQJDQGKXPLGLILFDWLRQ
FRROLQJ DQG GHKXPLGLILFDWLRQ ,W LV QRWHG WKDW WKH HQHUJ\ GHPDQG IRU IDQ LQFUHDVHV EHFDXVH RI WKH
LQVWDOODWLRQRIKHDW UHFRYHU\V\VWHPV*OREDOO\ WKH UHIXUELVKPHQWFDQ LQGXFHDVDYLQJRIDERXW
N:K35,0$5<N:K35,0$5<LQZLQWHUN:K35,0$5<LQVXPPHUZLWKDUHGXFWLRQRIDQQXDO
RSHUDWLQJFRVWVRIDERXW¼$QDORJRXVVDYLQJVLQYROYHWKHHQYLURQPHQWDOLPSDFWZLWKD
UHGXFWLRQRIHPLWWHG&2HTXLYDOHQWHTXDOWRWRQV


)LJ&RPSDULVRQVRISULPDU\HQHUJ\GHPDQGVRISUHVHQWDQGHQHUJ\UHIXUELVKHGFRQILJXUDWLRQVRIWKHEXLOGLQJ
7KHODVW((0FRQFHUQVWKHLQVWDOODWLRQRID39V\VWHPRQWKHEXLOGLQJURRI,QILJXUHVDDQGELWLV
YLVLEOHWKDWWKHSUHVHQWURRILVIUHHZHOOH[SRVHGDQGQHYHUVKDGHG0RUHLQGHWDLOWKHDYDLODEOHIUHHDUHD
LV DURXQG  P GLYLGHG LQ  VXEILHOGV )LJ F ,W PHDQV E\ WDNLQJ LQWR DFFRXQW WKH FRQYHUVLRQ
HIILFLHQF\RIWKHDPRUSKRXVVLOLFRQD6,DQGWKHQHFHVVDU\VSDFHIRUPDLQWHQDQFHDQLQVWDOODEOH39SODQW
RIN:SLHPN:SSODFHGLQKRUL]RQWDOZLWKDWLOWDQJOHHTXDOWR%\PHDQVRIWKH39*LV
VRIWZDUH>@DVSHFLILFFRQYHUVLRQHIILFLHQF\HTXDOWRN:K(N:SKDVEHHQFDOFXODWHGDQGLWPHDQV
DQDQQXDOHOHFWULFFRQYHUVLRQHTXDOWRN:K(/7KHQDW\SLFDOLQVWDOODWLRQFRVWIRUWKHVHVL]HVDQG
WHFKQRORJ\KDVEHHQDVVXPHGDQGWKXV¼N:S,WPHDQVDJOREDOLQYHVWPHQWHTXDOWR¼)LJ
GVKRZVWKHPRQWKO\HOHFWULFSURGXFWLRQE\UHQHZDEOHZKLOHLQ)LJHWKHHOHFWULFLW\GHPDQGHGWRWKH
JULGE\WKHUHIXUELVKHGEXLOGLQJDQGWKHRQHUHTXHVWHGE\WKHEXLOGLQJZLWKWKHSKRWRYROWDLFLQWHJUDWLRQDUH
FRPSDUHG$OOWROGRQDQDQQXDOEDVLVWKHHOHFWULFLQWHJUDWLRQE\RQVLWH5(6VLVHTXDOWR)LQDOO\
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E\DVVXPLQJWKHXQLWDU\HOHFWULFHQHUJ\FRVWHTXDOWR¼N:K(/WKHSKRWRYROWDLFLQVWDOODWLRQDOORZVD
IXUWKHUHFRQRPLFVDYLQJHTXDOWR¼DZLWKD63%DURXQG\HDUV
'HILQLWLYHO\E\FRQVLGHULQJWKHVHOHFWHG((0VDSSOLHGWRWKH+9$&V\VWHPDQGWKHLQVWDOODWLRQRIWKH
N:SSKRWRYROWDLFSODQWWKHRYHUDOOLQYHVWPHQWLV¼ZLWK¼DSDUWRIWKHFRQGHQVLQJKRW
ZDWHUERLOHUWKDWFDQEHIXQGHGE\WKHVWDWHLQILYHDQQXDOTXRWHV%\DVVXPLQJWKUHHGLVFRXQWLQJUDWHVLQ
RUGHUWRWDNHLQWRDFFRXQWERWKWKHLQIODWLRQUDWHDQGWKHYDULDWLRQRIHQHUJ\SULFHVWKHIROORZLQJ'LVFRXQWHG
3D\EDFNV'6%DQG1HW3UHVHQW9DOXHV139RQD\HDUVEDVLVKDYHEHHQFDOFXODWHG
x GLVFRXQWLQJUDWHHTXDOWR'6% \HDUV139 ¼
x GLVFRXQWLQJUDWHHTXDOWR'6% \HDUV139 ¼
x GLVFRXQWLQJUDWHHTXDOWR'6% \HDUV139 ¼
,W LV TXLWH HYLGHQW WKDW DOVR LQ WKHZRUVW VFHQDULR WKH HFRQRPLF LQGH[HV DUH IDYRUDEOH )LQDOO\ WKH
'LVFRXQWHG3D\EDFNVDUHPXFKORZHUWKDQWKHH[SHFWHGOLIHWLPHRIWKHDGRSWHG((0V


)LJ'HVLJQDQGHQHUJ\SHUIRUPDQFHRIWKH39V\VWHPLQD6L
&RQFOXVLRQV

7KH SDSHU SURSRVHG WKH HQHUJ\ UHIXUELVKPHQW RI DQ DQFLHQW &RQIHUHQFH EXLOGLQJ RZQHG E\ WKH
8QLYHUVLW\RI1DSOHV)HGHULFR,,DQGORFDWHGLQDXQLTXHVFHQDULRIRUERWKQDWXUDODQGKLVWRULFDOYDOXHV7KH
LQYHVWLJDWHGHQHUJ\HIILFLHQF\PHDVXUHVRSWLPL]HGLQRUGHUWRUHDOL]HDQHIIHFWLYHHFRQRPLFLQYHVWPHQW
DUHDOOUHVSHFWIXORIWKHFXOWXUDOTXDOLW\RIWKHVLWH$WWKHVDPHWLPHE\FRQVLGHULQJWKHSXEOLFUROHRIWKH
8QLYHUVLW\VXFKDVXQGHUOLQHGE\ WKHPRVW UHFHQWGLUHFWLYHV LQPDWWHURIHQHUJ\HIILFLHQF\RIEXLOGLQJV
WRZDUGDORZFDUERQIXWXUHLPSRUWDQWVDYLQJVLQWHUPVRISULPDU\HQHUJ\HFRQRPLFFRVWIRURSHUDWLRQDQG
SROOXWLQJ HPLVVLRQV FDQ EH DFKLHYHG ,Q D ILUVW SKDVH WKH LQYHVWLJDWLRQV KDYH DQDO\]HG VLQJXODUO\ WKH
IHDVLELOLW\RIW\SLFDODFWLRQVDLPHGDWLPSURYLQJWKHEXLOGLQJHQHUJ\SHUIRUPDQFH7KHQWKHPRVWIHDVLEOH
HQHUJ\PHDVXUHVKDYHEHHQFRPELQHG7KHVHFRQFHUQWKHKHDWLQJFRROLQJYHQWLODWLRQDQGDLUFRQGLWLRQLQJ
V\VWHPV2QWKHRWKHUKDQGWKHPDVVLYHVWUXFWXUHDQGWKHEXLOGLQJXVHGRQRWPDNHSURILWDEOHWKHHQHUJ\
UHIXUELVKPHQW RI WKH EXLOGLQJ HQYHORSH EHLQJ SUHSRQGHUDQW WKH YHQWLODWLRQ ORDGV )LQDOO\ DOVR D
SKRWRYROWDLFV\VWHPLQDPRUSKRXVVLOLFRQDQGSHUIHFWO\LQWHJUDWHGRQWKHURRIWRSKDVEHHQGHVLJQHG$OO
HFRQRPLFLQGLFHVUHYHDODTXLWHIHDVLEOHDQGSURILWDEOHHQHUJ\UHWURILWZLWKSD\EDFNWLPHVQHYHUORQJHU
WKDQ  \HDUV DOVR LQ WKHZRUVW ILQDQFLDO VFHQDULR0RUHRYHU WKH HQWLUH UHWURILW SURMHFW LV FRPSOHWHO\
UHVSHFWIXORIWKHEXLOGLQJSHFXOLDULWLHVDQGFXOWXUDOYDOXHV
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